Purpose -Requirements Engineering (RE) process constitutes the earliest phase of the information system development life-cycle. Requirements elicitation is considered as one of the most critical activities of this phase. Moreover, requirements elicitation is still a challenge, especially in the distributed environment of so-called inter-company cooperative information system. The purpose of this paper is to propose a methodology to elicit requirements for an inter-company cooperative information system. Design/methodology/approach -An analytical research was conducted. We have firstly evaluating the current requirements engineering approaches which are based on goals, scenarios or viewpoint. Then we have showing the role of elicitation technique selection step within the requirements elicitation process. Finally we have study the factors that affect this step in a distributed environment. An example from textile industry is used to illustrate the applicability of the proposed methodology.
Introduction
It is widely accepted that the misidentification of requirements is one of the most significant sources of customer dissatisfaction with delivered systems (Macaulay, 1996) . One of the objectives of the Requirements Engineering (RE) process is to elicit requirements that accurately represent stakeholders` needs (Mishra et al., 1996) . This task is difficult enough when done locally but it is more difficult when stakeholders are distributed [Damian and Zowghi, 2002) . Requirements elicitation is performed by using a wide variety of elicitation techniques, e.g. interviewing, questioning, prototyping, observation, workshops, etc. (Hickey and Davis, 2003b) .
When companies are brought to cooperate together, stakeholders as consequence work in an environment that cross organizational and national boundaries, where they may find themselves isolated from one another by distance and time. The geographic and temporal distance between stakeholders increases the difficulty to develop the RE process (Damian and Zowghi, 2002) . Communication is particularly less effective because of the different time zones which complicate synchronous communication, and distance which makes face-to-face meetings more difficult (Herbsleb, 2007) . Communication is also made difficult by cultural differences (Herbsleb and Moitra, 2001 ) and lack of awareness (Herbsleb, 2007) which may cause misunderstandings (Coughlan and Macredie, 2002) .
Traditional requirements elicitation methods which are based either on goals, scenario or viewpoint on generally do not scale well to support those important settings sufficiently. Moreover, according to our best of knowledge, there has been a little focus on requirements elicitation for an Inter-Company Cooperative Information System (ICIS). For example, in (Colombo and Francalanci, 2004) and (Gans et al., 2001) , the authors have proposed approaches to model companies' cooperation: both are based on i* model. i* model (Yu, 1995) offers a goal oriented conceptual framework for modelling social setting. The i* framework includes the Strategic Dependency model (SD) used to describe the network of relationships among actors, as well as the Strategic Rationale model (SR) used to describe the rationale that each actor performs concerning his relationships with other actors. In (Colombo and Francalanci, 2004) and (Gans et al., 2001 ) the SD model is used to model inter-company relations in terms of: goals to be achieved, tasks to be executed or resources to be delivered, whereas the SR model is used to describe how companies accomplish their roles. However, the absence of ordering information in the operationalization of the tasks as well as the complexity which arises when several alternatives are taken in consideration (Alencar et al., 2008) makes using i* model less beneficial in our context. In fact, empirical evaluation has indicated that there is a lack of modularity in the i* framework (Estrada et al., 2006) . Moreover, currently, only two views are supported, the Strategic Dependency (SD) Model and the Strategic Rational (SR) Model. Therefore, as systems models evolve and become larger, better information hiding and structuring mechanisms are needed (Alencar et al., 2008) .
In this paper, we propose a methodology called MAMIE (from MAcro to MIcro level requirements Elicitation) accompanied by an appropriate tool to elicit requirements for an ICIS. Some principles of MAMIE have been discussed in (Bendjenna et al., 2008a) . MAMIE integrates for the first time goals, scenarios and viewpoints within a requirements elicitation approach. It copes with three levels of requirements abstraction: the macro-level is dealt with goals. Scenarios are used to describe the medium level of requirements. The micro level puts forward the notion of viewpoint to elicit low level requirements. Moreover, in order to improve requirements elicitation practice, and thus raise the likelihood that the system-tobe will meet stakeholders' needs, MAMIE integrates a method to select the most appropriate elicitation technique according to the current situation.
The layout of the paper is as follows. Section 2 presents background information on the motivations to develop an ICIS, the existing requirements engineering approaches and the elicitation technique selection during requirements elicitation. Section 3 presents MAMIE methodology and section 4 applies it to a case study from the textile industry. Related works are discussed in section 5. Finally, we summarize our work and we sketch some future research.
Background
In this section, we introduce the notion of an inter-company cooperative information system. Next, we present the existing requirements engineering approaches. Finally, we discuss the relation between requirements elicitation and elicitation technique selection.
Inter-Company Cooperative Information System
To respond to an economic and competitive environment which is becoming more and more complex, as well as to the globalization of markets, companies opt more frequently for alliances and partnerships, thus developing new net-working forms. The emergence of the concept of extended enterprise, virtual enterprise or networked companies is the result of the hope of some firms to form alliances with others, after careful selection and to set up long-term and valuable exchange relationships, so as to lighten infra-structures. The network keeps going thanks to the competence that each brings to a common project participation which does not affect their legal independence (Kanellis and Paul, 1997) , (Paché, 1993) .
In this context the concept appears in the form of companies showing capitalistic and legal independence and capable of specializing in one task in the same value chain (Jarillo, 1988) , (Powell, 1990) . The main idea of the network companies is to limit the internal activity of each to its strategic competence and subcontract the rest to suppliers, subcontractors or external partners. We define a networked company as a company which counts on certain key competence in certain specialized activities, and which delegates to others the execution of less strategic tasks required for product expected by clients (Jarillo, 1988) .
In addition, today's economic environment requires new relationships between competitors. Relationships have changed and it is not unusual to see behaviour which is much closer to cooperation and collaboration than competition. Who could have believed a few years ago that IBM and Apple would decide to cooperate to launch a compatible computer working in both environments; such behaviour represents a new kind of cooperation between competitors (Boughzala et al., 2004) .
One of the keys to successful networked companies is their information system, referred to in this context as the InterCompany Cooperative Information System (ICIS). This system contains information and knowledge with a syntax and semantics shared and understood by all members of the networked companies (Kanellis and Paul, 1997) .
Requirements Engineering Approaches
Requirements engineering is one of the early processes of the system development life cycle and it involves stakeholders in an iterative and incremental process of problem analysis, requirements elicitation, specification and validation (Wiegers, 2003) .
Various researches (e.g., (Antón et al., 2000) , (Lamsweerde, 2001) , (Yu, 1995) ) suggest that a goal oriented approach to requirements is a good one, since goals are more stable than requirements. A goal oriented approach starts with goals, and derives the requirements from them. A goal is defined as an intention of a stakeholder. Goal-driven approaches focus on why systems are constructed, expressing the rationale and justification for the proposed system. Similarly, an alternative approach to requirements engineering, the scenario-based approach, has been proposed. By capturing examples and illustrations,For example, if a stakeholder is classified as an active people for example then the use of the prototyping elicitation technique can be visualised. Every stakeholder is classified according to a multiple-choice test (available on the WWW 1 ). Their preference for one category has a value the measure of which is strong, moderate, or mild. A stakeholder is classified as a member of a group, only if a strong preference can be measured for him. Besides, there are many other trivial factors that influence the method selection. They are more related to a specific situation or context. The discussion does not, by any means, aspire to reject or overwrite the existing frameworks (e.g. (Byrd et al., 1992) , (Maiden and Rugg, 1996) ) to guide the selection of requirements development methods. Rather, we aim at providing a simple and feasible in practice alternative for requirements elicitation selection, and guidance on when a specific elicitation technique should be used.
MAMIE: A Methodology to Elicit Requirements for an Inter-Company Cooperative Information System
In this section, we start by introducing the basic concepts of MAMIE methodology. Next, we present an overview of MAMIE, before a description of MAMIE-Tool: a tool developed in order to help analysts when applying the proposed methodology.
Basic Concepts
In this section we present an overview of the concepts used in MAMIE methodology.
Cooperation Use Cases
In UML language, a use cases diagram defines a goal-oriented set of interactions between external actors and the system under consideration. Actors are parties outside the system which interact with it. A complete set of use cases specifies all the ways to use the system, and therefore defines all required behaviors of the system (Coockburn, 1997). However, in our context we consider only cooperation activities. Thus, we define the concept of cooperation use case. In MAMIE, a cooperation use cases diagram is composed of:  Actors. An actor is a company that participates in the cooperation process.  Cooperation use cases. We define them as interdependent use cases attached to different companies, i.e. one use case depends on the other to be run. A use case included in a cooperation use case is considered as cooperation use case too (see Figure 1) .
Figure 1. A cooperation use cases diagram
Thus, a cooperation use cases diagram is used in order to:  Identify and specify the goals of the system-to-be and its limits.  Relate companies to their goals.  Relate goals between them i.e. relation include between cooperation use cases.
3.1.2
Inter-Company Interaction Sequence diagram describes how groups of objects collaborate in some behavior. It shows a number of objects and the messages that are passed between them during time within the use case in order to describe a specific scenario. It also allows showing looping and conditional behaviour (Coockburn, 1997) .
In MAMIE, we use the sequence diagram to elicit and specify the requirements which describe a specific inter-company cooperation scenario. Compared with the previous definition of a sequence diagram:  Objects are companies participating in the cooperation process.  Messages passed between objects are delegated tasks or goals from a company to another, associated with constraints or conditions to achieve them expressed with formal (ex: OCL language) or informal way.
Thus, we use the sequence diagram in MAMIE, to highlight who is asking what and when during inter-company cooperation process.
3.1.3
Coupling Goal, Scenario and Viewpoint As we have highlighted in section 2.2, each of the concepts goal, scenario and viewpoint presents an interest to be introduced in a requirements elicitation methodology. A question may be: how is it possible to use all these three concepts within an elicitation methodology? Figure 2 shows how these concepts may be interact by using an UML class diagram. This interaction starts when stakeholders describe their goals. A goal may be a Functional Concern (FC) or a Non-Functional Concern (NFC). A FC (e.g. production of an artifact) represents a business goal; a NFC is a global property (assumption, constraint, etc.) that can influence part or the whole system (e.g. production time or production cost). FCs do not exist in isolation, they are often related to NFCs. A scenario is a textual representation which describes a possible concretization of a FC. We note that scenarios are not intended to replace requirements, but act as a carrier for creating a shared vision between analyst and stakeholders. To obtain requirements each FC or scenario is decomposed into a set of questions. A question is to be asked by the analyst to stakeholder(s) in order to cope with a particular feature of the FC. Decomposing FCs into questions ensure that all the requirements specified in order to satisfy this FC are obtained. Finally, stakeholder gives its viewpoint on how to respond to each question by considering associated NFC(s). Viewpoints contain requirements which make concrete the initial goals. A viewpoint definition should answer three main questions: why requirements are needed (Question), what system features will serve to satisfy these requirements (NFC), and how this may be done (Requirements). A goal is the objective of a cooperation use case and stakeholders are those people who have a stake with the future system and attached to one or several companies.
3.1.4
Non-Functional Concerns Relationships In MAMIE, requirements result from the composition of functional and non-functional concerns. When several NFCs must be taken into account at one time, it is necessary to identify relationships between them. The most existing approaches differentiate three types of relationships: negative (-), positive (+) or null (no contribution) ((Diaz Pace et al., 2000) , (Liu et al., 2005) , (Truyen et al., 2006) ). The opportunity to compose NFCs depends on the type of these relationships. For example, when two NFCs which contribute negatively to each other are composed, then one NFC will influence negatively the correct working of the other. Based on relationships types among NFCs, the analyst may decide if the composition is or is not possible.
The interactions between NFCs need to prioritize NFCs and to define the degree of contribution of a NFC to another one: two or more NFCs may not contribute with the same degree to a specific NFC. For example, Functionality and Aesthetics are two NFCs that contribute positively to the NFC Service quality; however Functionality ensures Service quality more accurately than Aesthetics. Thus, defining explicit knowledge about NFCs interactions may help to improve the composition process and then the requirements elicitation process. In MAMIE, we use Fuzzy Cognitive Maps (FCMs) ( (Axelrod, 1976) , (Kosko, 1986) ) to model interactions between NFCs. This formalism is known to be used in ill-structured problems solving. A FCM is a signed graph of concepts designed to capture the causal assertions of a person with respect to a certain domain, and it is used to analyze the effects of alternative, e.g. policies, business decisions, etc. upon certain goals. FCMs allow observing the significance of each factor and its influence on other factors and the final decision (Bueno and Salmeron, 2008) . A FCM without fuzzy weights is called a Cognitive Map (CM). In our case, a FCM is composed of (1) NFCs, (2) the type of relationships between them, and (3) the weights of these relationships which indicate their importance.
In order to model interactions between NFCs using a FCM, we propose a process composed of three steps: (1) Identify NFCs, (2) Identify relationships between NFCs, (3) Specify the fuzzy weights and so provide the FCM.
Step 1: Identify NFCs. This step consists of identifying all the NFCs of a system. NFCs can be identified using several approaches such as those used to identify goals. Good sources to guide NFCs identification are the existing catalogues (Chung et al., 2000) , (Moreira et al., 2002) . The analyst with the other stakeholders identifies which subset of these NFCs is applicable.
Step 2: Identify Relationships Between NFCs. The objective of this step is to understand and define the relationships between the identified NFCs. When the NFCs and their relationships are clearly recognized, it is possible to establish the final CM. In order to determine relationships between NFCs, the analyst asks advices to a panel of experts. The analyst chooses experts according to their experience and background in the field. The number of experts may depend on the characteristics of the field. One of the most recent studies suggests a range of 10 to 18 to be an ideal number for each panel of experts (Bryson et al., 1997) . The analyst starts by designing an initial/draft CM, either alone or with help of an expert. In order to reach consensus between experts, several techniques have been proposed (Bryson et al., 1997) . Here, we adopt Delphi methodology. Delphi is used to structure the communication process within a group of experts in order to reach a consensus regarding a complex problem (Dalkey and Helmer, 1963) . Delphi method is organised in two consulting rounds. The goal is to obtain consensus and get all experts to go toward the average (Bryson et al., 1997) . To apply Delphi in our context, we define the following steps:
(1) The first round.
 The analyst gives the initial CM to all chosen experts.  The analyst asks them to check and comments the initial CM.  Experts may change the type of relationships between NFCs in the initial CM (e.g. from negative contribution to positive contribution), they may also delete existing relationships; add new relationships or new NFCs.  The analyst revises the initial CM on the basis of the answers of experts and builds a new CM. For each relationship in the new CM, the analyst determines the number of experts who issues the same evaluation. These results are collected in a table.
(2) The second round.
 The new CM with the table resulting from the first round are sent to experts for revision. Instructions for giving advices are the same as in the first round.  The analyst collects the results of the second round. Often, a consensus is reached either because the experts are influenced by the others in the second round, or because they have realized that their previous opinion was erroneous.  The analyst builds the final version of the CM, based on the answers of the experts. The purpose of the next step is to extend this CM to a FCM.
Step 3: Specify the Fuzzy Weights and so Provide the FCM. Up to the previous step, the cognitive map has been produced. In this cognitive map, no certain strengths for casual relationships between NFCs are considered. The objective of this step is to provide such strength for the relations using the fuzzy set theory. To do so, each mutual relationship includes one linguistic fuzzy weight which determines the accuracy of the expert choice. Following Zhang et al. (1989 Zhang et al. ( , 1992 we use the linguistic fuzzy weights instead of real values, since they make it easier for the planners to express their beliefs. These linguistic fuzzy weights bring about a more thorough and understandable vision for the decision makers by mapping the ideas of the experts into a logic which could be processed (Klir and Youan, 2005) .
In order to identify the linguistic fuzzy weights, the analyst identifies the response to the following question for each relationship in the CM:
How strong the causal relationship between NFCs in the final CM is?
The response to this question is an element from the following set: {Weak; Moderate; Strong; Undefined}, where Weak < Moderate < Strong.
In order to express their beliefs as the strength of a certain causal relationship as being (i.e. strong, moderate, or weak) the experts assign fuzzy weights to all of the relationships in the cognitive map. The corresponding fuzzy weights range is between 0 and 1. The goal of this step is not to reach a consensus between experts, thus the analyst is not limited by any number of experts. In order to give weights to the CM, the analyst chooses a number of experts from the panel of experts who agree with the CM obtained in the previous step. The evaluations of the weight of a specific relationship may be different over experts. In order to aggregate all these evaluations, we propose to compute the average of these weights. The result may classify the strength of relationships as weak, moderate or strong. A simple view of this process is depicted in Figure 4 .
Figure 4. Modeling NFCs interactions using a FCM

3.1.5
Improvement of the Requirements Elicitation Process Quality As discussed in section 2.3, it is widely accepted that a good understanding of the suitability of requirements elicitation techniques for a given project increases the quality of requirements, which, in turn, will increase the likelihood of high customer satisfaction and improve efficiency of the requirements elicitation process.
Based on recent works in requirements elicitation technique selection, we proposed in (Bendjenna et al., 2008b ) a method to select an appropriate elicitation technique in a distributed environment. This method attempts to warn the problems that are likely to take place, by taking into account stakeholders' profile and their environment. It is a phase of MAMIE methodology composed by three steps: (1) Evaluation of the current situation, (2) Detection of factors that may be source of problems and (3) Selection of an elicitation technique according to the detected problems.
Step 1: Evaluation of the current situation. In this step we: 1. Identify the abstraction level of requirements according to needed requirements. Taking into account the nature of requirements on different abstraction levels, a proper set of elicitation techniques have to be chosen. For example, to identify primary benefits of a desired product (high level abstraction), conversational elicitation techniques are good option, however, to elicit product features (low level abstraction), the prototyping elicitation technique can be regarded. In our context, the abstraction level is identified by knowing the current MAMIE step and thus the level of needed requirements. 2. Identify possible sources of requirements. We distinguish two types of requirements' sources: stakeholders and documentation. Stakeholders may be: client, end-users, expert, customer, manager, etc. Documentation includes legislation, standards, organizational structure, and characteristics of the systems coexisting with the desired system. We consider all possible sources in order to not early eliminate some elicitation techniques. 3. Evaluate time difference between sites. In order to identify the level of time difference between sites, the analyst determines throughout how many sites stakeholders are distributed? How many hours are there in a work day in their company? And how many hours overlap with each other? For example, if time difference between sites is wide enough then synchronous elicitation techniques like brainstorming or interviewing techniques may not be applied. 4. Collect information about stakeholders concerned with the current iteration of the elicitation process and their environment. In order to help the analyst collecting this information, we provide two forms inspired from (Aranda et al., 2008) :  The first form, form-1 ( Figure 5 ) contains personal information about stakeholders. such as stakeholders' cognitive Step 2 Step 3 Step 1 Stakeholder 's Experience (3) characteristics, foreign language, etc.  The second form, form-2 (Figure 6 ) contains information about stakeholders' jobs, roles, experiences and schedules. Also, it is important for the analyst to know when and how to contact other stakeholders, thus the analyst must has information about time difference between sites, working hours, lunch time, e-mail, MSN, Yahoo messenger user names if exist, etc. In this form Stakeholder's experience defines the level of certainly of requirements issued from her/him. For example, if stakeholder has not or has little experience with the application area, then the use of elicitation technique like prototyping or interactive story boards are recognized, else, the analyst can easily start eliciting requirements with conversational methods, such as interviews. Step Stakeholder's experience environment are collected, the problems that we expect to solve may be identified. To do so, we need to analyze the information that has been gathered in the previous step. Form-3 is proposed in order to describe a specific situation, before using it to specify a suggested technique in the next step. This form contains information about: requirements abstraction level, time difference between sites, sources of requirements, stakeholders' experience level, their classification according to Felder-Silverman (1988) model and the possibility to use a common language between stakeholders. In Figure 9 (section 4.2.1), we have used Form-3 within the case study to analysing a situation and detecting possible problems.
Step 3: Selection of an elicitation technique according to the detected problems. In the third step we suggest an elicitation technique according to the possible sources of problems detected in the previous step.
The third step is composed of two sub-steps: 1. Depending on the current situation, we identify the level of applicability of the different elicitation techniques categories according to Zheying (2007) classification (see Table 1 ). 2. We use stakeholders' classification issued from Felder-Silverman (1988) On the basis of Table 1 , a set of guidelines for method selection is summarized as below:  The conversational methods are applicable in almost every situation when stakeholders are people.  The observational methods are less effective than the others. However, they work perfectly at the beginning of a development project to achieve the basic understanding of the physical, organizational, political and cultural environment.  The analytic methods provide approaches to acquiring corporate knowledge from exiting documents and the experts. Its underlying principle is to reuse the corporate knowledge that exists in different forms.  The synthetic methods are more comprehensive than any individual methods, and of course consume more resource to perform. It is always a good choice when the project resources allow. Meanwhile, the synthetic methods are effective to refine the functional requirements. After presenting the main concepts used in MAMIE methodology, we present in the next section an overview of MAMIE.
MAMIE Requirements Elicitation Methodology: an Overview
MAMIE (from MAcro to MIcro level requirements Elicitation) is a methodology which aims to elicit requirements of an Inter-company Cooperative Information System (ICIS). It is composed of 3 phases. Two phases are used to identify and specify requirements that describe the macro and micro levels of cooperation between companies. In the following, we start by presenting these two phases.
Phase 1 consists to elicit and specify cooperative activities and the constraints of cooperation between companies (the macro level cooperation). Two steps compose this phase.
In step 1.1, the analyst starts by eliciting and modeling so-called cooperation use cases, defined in section 3.1.1. As all the following MAMIE steps, the analyst identifies firstly appropriate elicitation technique by executing the integrated phase. After identifying cooperation use cases, the analyst outlines a general description of the normal scenario and the exceptional scenarios for each cooperation use case. Each cooperation use case is described using a template (see Table 2 ). In step 1.2, for each base cooperation use case, i.e. not included in another cooperation use case, the analyst models the interactions and the constraints of cooperation by means of a sequence diagram. This diagram represents the companies that participate in a cooperation use cases, the chronological order of needed actions to achieve the goal of the current cooperation use case with associated constraints.
Phase 2 is composed of three steps. In step 2.1, each FC corresponding to a goal of a cooperation use case is associated with a set of related questions. Questions may be identified through scenarios or by decomposing FC into sub-concerns and then to a set of questions following Sommerville and Sawyer (1997) .
In step 2.2, for each question, the analyst identifies and specifies which NFCs must be taken into account, their relationships, and their priorities. In section 3.1.4, we have detailed how to identify NFCs and their relationships using FCMs. For each identified NFC, the analyst gives a degree of priority ϵ {1 (low), 2 (low-intermediate), 3 (intermediate), 4 (highintermediate), 5 (high)} according to the importance of this NFC. Table 3 presents a template to describe a NFC. Notice that the information contained in table 2 and Table 3 must be filled incrementally. For example, it is not possible to fill the rows "NF.C(s) and their priorities" and "Viewpoints" until we have NFC(s) and viewpoints are specified. However, at the end of the process all the rows should be filled.
Step 2.3 consists to identify and specify viewpoints which contain requirements. The questions identified in step 2.1 are the focuses of viewpoints and the NFCs are the drivers of the requirements elicitation. Requirements are the result of the composition of each FC with as set of NFCs. More precisely, the requirements are the response to each question associated with the corresponding NFCs. Based on Sommerville and Sawyer (1997) and Charrel (2002) viewpoint's definition; we have proposed a template of 7 components for a viewpoint presented in Table 4 . MAMIE attempts in advance to avoid possible sources of problems that might take place in a distributed requirements elicitation process, by suggesting the appropriate elicitation technique using collected information. This is the goal of the third phase that corresponds to the method detailed in section 3.1.5. It returns suggested elicitation technique (s) according to the current situation. Figure 7 illustrates MAMIE methodology steps.
At the end of MAMIE process, the future system is organized in terms of a set of ordered viewpoints which contain requirements issued from initial business goals. To conclude, MAMIE involves 3 levels of abstractions:  A coopeartive step is an atomic unit of activity inside the cooperative process. It is concerned with one question and the concept of viewpoint is used to describe it;  A cooperative process is a process meant to orchestrate the execution of a specific aspect of the cooperation between companies. We use in MAMIE, a sequence diagram to describe this level;  A cooperative framework which represents a set of inter-communicating coopeartive processes. A cooperation use cases digaram is used to describe it.
MAMIE-Tool
Tools make a significant contribution to the requirements formulation process (Dorfman and Thayer, 1991) . Their incorporation or support in methods improves the analyst's ability to manage the complexity associated with requirements collection, structuring, verification, consistency checking and integrity preservation. Tool support becomes even more important when the set of requirements grows, and may change. To this end, we have developed MAMIE-Tool which aims to provide support to MAMIE methodology from the initial step through to detailed requirements specification. Figure 8 shows a screen dump provided by MAMIE-Tool during applying MAMIE to our case study. The underlying principle of MAMIETool is to implement the class diagram presented at Figure 3 in section 3.3 that shows how goal, scenario and viewpoint may interact each other. To do so, it is built around a data base that collects information about cooperation use cases, NFCs and viewpoints identified during requirements elicitation process. MAMIE-Tool helps the analyst to specify, save and restore cooperation use cases, NFCs and viewpoints which contain the requirements of the future system. They are organised as a tree in which the first node the project name. In this tree, a cooperation use case included in another cooperation use case is a subnode of it. Using viewpoints to encapsulate requirements allows associating a rationale and a source for every requirement with a reference to related quality attributes, i.e. NFCs. Other important functionalities have been added to MAMIE-Tool like the identification of viewpoints and requirements related to a NFC having a specific degree of priority. We have added these options in order to help the analyst at the requirements analysis step, the next step of the requirements engineering process. In the next section, we apply MAMIE methodology to a case study from the textile industry.
A Case Study
In order to illustrate MAMIE methodology, we apply it to an example from the textile industry. In this example, a group of distributed specialized companies wish to cooperate together in order to reduce cost, time and investment in the production of a range of textile products. This group of 5 participating companies, their locations and the time difference between their sites and Greenwich Meridian (GM) are the following:  The fiber producer company (Morocco, GM-in summer GM+1) ;  The knitting mills and weaver company (France, GM+1-in summer GM+2);  The dyer and finisher company (France, GM+1-in summer GM+2);  The designer company (Spain, GM+1-in summer GM+2);  And the manufacturer company (Italy, GM+1-in summer GM+2).
The analyst who is in France applies MAMIE methodology to elicit requirements for the future ICIS. Before applying MAMIE, we give in the next section outlines on the textile industry field.
Description of the Field
The textile industry is one of the largest industries in the world (Wu and Chang, 2003) . The first step of the textile production process is carried out by people responsible for product development and the planning of entire collections. At this stage market research is carried out, and advice is sought, with a view to deriving the knowledge required to adapt product lines to market demand. Criteria of profitability are applied to the making of preliminary decisions about the anticipated life cycle of these products and the steps that would be involved in continuing to make, modify or replace them. The second step is the design and prototyping of new models. Stylists sketch new models. Designers create detailed models of the different parts (collars. sleeves, cuffs, etc.) of the item of clothing. A production design department determines how each part is to be made, establishes quality standards for each part, determines how the product is to be assembled and costs the item. Then, fibers are combed and carded, and short fibers are removed. Fibers are drawn out into long pieces that look like rope to make them stronger. Many different kinds of textile workers run the machinery that does this work. They feed and start the machines, stop them, clean them, and repair broken fiber ends. Frame spinners operate machines that spin the fiber into yarn. These machines draw out and twist the ropes of fiber into yarn, which is wound around cones called bobbins. Frame spinners manage rows of spinning frames. They twist the fiber ends, repair breaks in the fiber ropes, and clean the machines regularly. Once the fibers have been spun into yarn, the yarn is ready for weaving or knitting. These are two different processes that require different kinds of machinery and are usually done in separate plants. Most textiles are woven. Several different kinds of workers prepare the yarn for weaving. They include loom winder tenders, spooler tenders, warper tenders, slasher tenders, and warp tying machine tenders. These workers place the yarn on the machines and thread it into place. They tie yarn ends and monitor the machines to make sure they are running properly. When the yarn is finished, they remove it and send it on to the weavers. Weavers are skilled workers who sometimes run as many as 200 looms at a time. The looms weave or interlace the yarn at right angles to make woven cloth. Sometimes there are as many as 2,000 looms in a single weaving room. The weavers watch the looms, fix breaks in the cloth, and repair minor problems with the looms. Major repairs or adjustments are made by loom fixers (Wu and Chang, 2003) .
Applying MAMIE Methodology
In the following sub-sections, we apply MAMIE methodology to the case study. The results of the elicitation technique selection phase are detailed only for the first step, i.e. Identification and specification of cooperation use-cases.
4.2.1
Specification of Macro-level Cooperation The goal of this phase is to elicit and specify cooperation use cases and cooperation scenarios between companies. Its result is:
(1) a cooperation use cases diagram where each cooperation use case is described by using a template and (2) a sequence diagram.
Identification and specification of cooperation use-cases.
The analyst starts by identifying an elicitation technique to be used according to the current situation.
To do so, the elicitation technique selection phase is executed. In Figure 9 , we summarize the result of the elicitation technique selection phase by using Form-3. Let us comments this from for the 3 rd stakeholder, i.e. A. Michel. According to recommendation of Table 1 , when:  Requirements abstraction level is high;  Time difference between sites is low;  Possibility to use a common language is intermediate;  Stakeholder's experience is high. Then, using a conversational elicitation technique is regarded. A. Michel's classification sub-category is intuitive which means that he prefers discovering possibilities and relationships. Thus, according to Aranda et al. (2005 (Aranda et al., 2005 ), an open-ended interviewing technique is strongly recommended. In this technique questions are not early prepared and fixed. After applying the recommended elicitation technique and by analyzing the initial requirements, the analyst identifies cooperation use cases. We model and document them by using a cooperation use cases diagram (see Figure 10 ) and a template for each cooperation use case. 5 cooperation use cases have been identified and related to companies which will provide the service. In Table 5 , the cooperation use case Manufacture Product is used as an example.
Identification and specification of inter-company interaction. In this step, we start by identifying from the cooperation use case diagram, the base cooperation use cases. Here, the manufacture product cooperation use case is the only one. Let us recall that the information contained in Table 5 must be filled in an incrementally way. For example, the field viewpoints cannot be filled until viewpoints are specified in the last step. The Manufacturer requests from the designer a design for a new product with specific characteristics. The Dyers and Finishers company receives product design and the related constraints from the Manufacturer to perform this command.
Exceptional Scenarios
if the Designer can't meet the command there, it may send another proposal to the Manufacturer.
NF.C (s) and their Priority(ies)
Product cost (5) 
Next, the sequence diagram is used to describe how the involved companies cooperate to achieve the goal of this cooperation use case. We have identified 10 concerned stakeholders. In order to elicit requirements, the analyst starts by identifying the appropriate elicitation technique. After evaluating the current situation and detecting possible problems, the workshop elicitation technique is suggested. In this technique, stakeholders are gathered together for a short but intensely period so as to create requirements. Figure 11 sketches a simple version of the scenario that describes the cooperation process between companies to achieve the goal of the manufacture product cooperation use case. In Figure 11 cooperation activities are indicated with thick lines whereas thin lines are used for cooperation activities calls. There are four cooperation activities in Figure 11: (1) design product, (2) produce fiber, (3) Weave and knit product and (4) dye and finish product. In this scenario, the process starts by a request sent by the manufacturer to the designer to design a product by taking into consideration the constraints of cost and quality. The scenario ends by receiving the textile product from the Dyer and finisher after whole a cycle.
Specification of Micro-level Cooperation
This phase aims to return a set of ordered viewpoints which contains requirements that describe the micro level of intercompany cooperation. To obtain them the following steps are executed.
Identification of questions related to FCs.
In this example all cooperation use cases are included directly or indirectly in the manufacture product cooperation use case. Thus, only the goal i.e. FC of this cooperation use case will be decomposed into a set of questions. Using the sequence diagram in Figure 11 , 11 ordered questions have been identified. These questions are identified from the four cooperation activities existing in Figure 11 
Identification and specification of NFC (s).
For each identified question, this activity look for NFC (s) which must be taken into account with this question, their relationships and priorities. In order to identify NFCs and their relationships, we apply the process presented in section 3.1.4. 3 experts participated to this process. They early obtained consensus. This may be due to the simplicity of the case or to their experience in the field. As an example, 5 NFCs have been identified with the question how to design product?: product cost, product quality, aesthetics, competitiveness and comfort . In Figure 13 , we present the FCM which models relationships between these NFCs. In this FCM, we may notice for example that reducing the product cost will increase the competitiveness but will decrease the product quality and thus product aesthetics and comfort. Thus, it is difficult to ensure at the same time a product with a low cost and a high quality. In our case, companies give more importance to the product cost than the product quality. Also, product aesthetics and product comfort do not contribute with the same degree to the product quality. Indeed, product comfort is more important to the product quality than the product aesthetics. Making explicit such knowledge is an advantage of using a FCM to model NFCs relationships. Besides, a NFC may be considered with a specific question and not with another. Each NFC is described using a template. The NFC product cost is used as an example in Table 6 . taken into account in the 11 questions, resulting from the manufacture product cooperation use case. It has a high priority (=5) in all these questions. Thus, its priority within this cooperation use case is 5*11/11=5 (high). Identification and specification of viewpoints. Each question resulting from the previous step is a focus of a viewpoint. For illustration, in Table 7 , the question (Q 8 ) is used with the NFC product cost. Thus, requirements of the future system are the result of composing each question incrementally with the associated NFC(s). 11 viewpoints contain these requirements. Figure 14 shows a screen dump of MAMIE-Tool when dyers viewpoint is created. Figure 14 . Adding a new viewpoint using MAMIE-Tool
Discussion
Currently, many companies fail in the execution of strategic outsourcing. Eliciting requirements in a distributed environment can become a tough task if the process is not well defined and the teams are not experienced or prepared for this cooperation model. Key points which emerge from MAMIE evaluation are:  Integrating an elicitation technique selection process within an elicitation methodology, using specific forms to obtain information about stakeholders and evaluating the current situation show a positive result. It provides a practical starting point to select appropriate elicitation technique.  Stakeholders' satisfaction may be assessed through their implication within the requirements elicitation process, their feedback and also the number of requirements that are changed or added over the elicitation process.  Requirements elicitation is more effective when stakeholders participate actively in synchronous activities (e.g.
Interviews, brainstorming) that are supported by voice conferencing.  Goals, scenarios and viewpoints interact in a logical complementary way, where each concept plays a specific role: goals describe the macro-level of requirements; scenarios are used to describe the medium-level of requirements; whereas viewpoints describe the micro-level of requirements. Thus, scenarios may be considered as a means that allows going from a macro-level to a micro-level of requirements. We may note also the frequent involvement of stakeholders during the elicitation process in order to identify goals, scenarios and viewpoints. This helps to make requirements more stable.  Detecting inconsistencies between different viewpoints' requirements in the next step of the RE process is difficult when the number of requirements increases. In order to simplify this task, viewpoints' questions may be used as a guide to whether two viewpoints' requirements are likely to interact. If their questions intersect (i.e. impose requirements which influence the same components of the system or its environment), then associated requirements should be checked for consistency. Thus, it can be seen that the salient features of our methodology are:  Explicit integration of the three concepts goal, scenario and viewpoint to cope with the limitations of existing approaches based on one of these concepts.  It links up the business goals (what?) to the individual goals (how?), which will increase the quality of elicited requirements.  It provides a system's analyst with a support to choose the most appropriate elicitation technique according to a specific situation.  It supports well known concepts (viewpoint, goal, etc.) and modelling notations (UML diagrams), rather than inventing new ones. Thus, the analyst is not required to learn about new concepts and notations to deal with it.
Related Works
With the rise of inter-company cooperative information system, comes the great challenge in developing them successfully. Despite a wide variety of literature on whether and why to outsource, there is still a lack of research on how to achieve successful inter-company cooperative information system development. Requirements elicitation in a distributed environment has been a subject for researchers' investigation. Most of the effort in distributed requirement engineering has been focusing on facilitation techniques (Macaulay, 1999) , (Brodie and Seri, 1992) . The nature of asynchronicity and stakeholders' distribution in distributed environment has also been studied in ((Damian and Zowghi, 2002) , (Damian et al., 2003) ). And the impact of culture on facilitation and negotiation has been dealt in (Macaulay, 1999) . In (Geisser and Hildenbrand, 2003) , the authors have proposed a method that covers collaborative requirements elicitation in a distributed environment as well as quantitative decision support for distributed requirements prioritization and selection. However, these studies unanimously deal with distributed elicitation activities using traditional techniques and methods that are not accurately suitable for eliciting requirements of inter-company cooperative information system. However, all studies deem distributed requirements elicitation possible and even favourable compared to collocated approaches. In (Rolland et al., 2007) , the authors proposed a goal driven approach to understand the needs of different organizations for a new added value composite service and to model the cooperative process supporting this service. The goal model called Map, is then used for service elicitation, distribution and orchestration. Thus, this approach is service-based and does not deal with low level requirements. Moreover, most existing methods do not address non-functional concerns explicitly, and those that address them have tended to address them as secondary to the 'central' issue of functional concerns. Existing methods lack support for the broad integration of functional and non-functional concerns. Effectively, the requirements elicitation process is often carried out through two independent cycles, one regarding the functional aspects of the system and the other the non-functional aspects. Since we consider them as dependent cycles we propose to establish convergence points between both cycles. Through the use of these convergence points we can express in the functional view all the actions and data that will be necessary to satisfy the non-functional view.
Based on the analysis and evaluation of existing researches, we have proposed MAMIE methodology to elicit requirements for an inter-company cooperative information system. Using goals, scenarios and viewpoints as described by the class diagram in section 3.1.3 allows integrating non-functional concerns within functional concerns. In MAMIE, we don't proposed to use specific elicitation techniques, but an elicitation technique is the result of a process that starts by evaluating the current situation before suggesting an appropriate one.
Conclusions and Future Works
Our research has two related primary objectives: (1) to overcome the limitations of the current requirements elicitation methodologies for an inter-company cooperative information system, (2) to enhance the requirements elicitation process by providing guidance in selecting elicitation techniques.
A set of global factors cause various threats that are specific to distributed environment. The survey results show that requirements elicitation in a distributed environment is one of the essential challenges that shall be paid adequate attention. This may be due to several issues like separation of stakeholders, diversity between processes, inconsistency in practices, linguistic and terminology differences, temporal distance etc. This makes practitioners to seek for new approaches and practices to be implemented in global projects for better performance.
One of the main contributions of MAMIE methodology is coupling together goals, scenarios and viewpoints. Thus, requirements which do emerge from MAMIE methodology exhibit a high degree of completeness and consistency and, crucially, will embody the principal companies' goals. Fuzzy cognitive maps used to model non-function concerns relationships is a very convenient, simple, and powerful tool, which is used in numerous fields. To obtain consensus for a final cognitive map between experts, Delphi method is used. The other main contribution of MAMIE is the integration of an elicitation technique selection phase in order to help analysts to choose an appropriate elicitation technique. To do so, specific forms are designed. They allow evaluating the current situation and detecting possible problems before proposing an elicitation technique. Furthermore, we consider stakeholders' cognitive aspects. This is important since stakeholders might feel more comfortable when using a tool closer to the usual way they perceive and reason about the world.
In summary, MAMIE methodology is based on well known concepts, thus an analyst will not spend time to learn about new concepts. It may be considered as a useful contribution to the field of requirements elicitation in a cooperative distributed environment.
MAMIE methodology is a part of a project which deals with whole the requirements engineering process involved in the development of an inter-company cooperative information system, from requirements elicitation until their validation to deal with adapting requirements engineering processes for distributed environments. Thus, our future work will focus on the analysis of requirements which result from MAMIE methodology. Besides of, we plan to:  Apply MAMIE methodology on other industrial case studies in order to gain additional empirical evidence.  Integrate the forms used in the elicitation technique selection phase within MAMIE-Tool.  Transform MAMIE-Tool on a web-base tool.
